INTRODUCTION
In recent years, the determination of natural series radionuclides played an outstanding role in our activity. This was partly due to the growing concern, from both a scientific and an institutional point of view, about significant exposure from NORM (Naturally Occurring Radioactive Material).
On the other hand, the Council Directive 98/83/EC on the quality of water intended for human consumption has pointed out the question of evaluating natural radionuclides water content. Moreover, the recent Balkan conflict posed the problem of possible environmental contamination by depleted uranium.
A comparison among different analytical methods for uranium isotopes determination is the aim of the present work. Both liquid and solid samples are concerned. Particular attention was paid to situations where radioactive secular equilibrium conditions were not assured.
WATER SAMPLES ANALYSIS
We analyzed 59 water samples, mainly from Lombardia (Italy), concerning bottled waters, tap waters and some thermal waters. Inductively coupled plasma-mass spectrometry (ICP-MS), semiconductor alpha spectrometry and low-level liquid scintillation counting (LSC) were used for uranium determinations.
ICP-MS analysis was performed on all the samples with a Finnigan Mat ITS 40 instrument without any preconcentration. Results are reported in fig. 1 .
Samples measured by alpha spectrometry (18 bottled waters) were firstly preconcentrated by ionic chromatography on a chelating resin (Chelex). This procedure allowed to get rid of the majority of lighter cations (1) . Uranium was then separated by anionic exchange on Dowex 1X8 resin following a modified HASL-300 (2) procedure and electrodeposited on stainless steel discs. Internal standard 232 U has been added as yield tracer. Alpha counting was performed with a 450 mm 2 surface-barrier detector equipped with Canberra Genie 2000 software for Alpha Acquisition and Analysis.
LSC analysis was carried out by direct uranium extraction from water using a lipophylic toluene-based scintillation solution mixed with bis(2-ethylhexyl) phosphoric acid (HDEHP) (3) . Samples were counted by a Wallac Quantulus 1220 liquid scintillation counter with alpha/beta discrimination. Only few results have been obtained up to now (7 samples of bottled water). At present we are improving the extraction technique by comparing different extractants performances. Spectral analysis and 238 U plus 234 U peak deconvolution were obtained by means of Canberra Genie 2000 Interactive Peak Fit Software (v. 1.0) which is designed for gamma and alpha spectrometry; the software parameters have been adjusted to closely fit the less resolved LSC spectra ( fig. 2) .
In order to compare the characteristics of the different techniques used, the requirements and the performances of each of them (table 1) are summarized in table 1. ICP-MS is certainly the quickest way for measuring uranium in water since no pretreatment is needed and the analysis is very fast, but it allows a reliable determination only for the most abundant uranium isotope 238 U. The semiconductor alpha spectrometry is relatively cumbersome but it gives complete information on concentrations and isotopic ratios of 238 U, 235 U and 234 U. The use of Chelex selective preconcentration allows to shorten the treatment and to achieve clean chemical separations.
Liquid scintillation counting coupled with selective solvent extraction is a very attractive technique since it is reasonably quick. Moreover it gives reliable information on total uranium content and, to some extent (in the hypothesis of negligible 235 U concentration), on 234 U and 238 U contents and ratios. Values Range (mBq/kg)
Number of samples Pa. 234 U can hardly be detected due to its low emission probability direct gamma rays.
235 U determination is affected by heavy interference from 226 Ra which often can't be suppressed. 234 Th gamma peaks (63 and 93 keV) are usually considered useful for analytical purposes. The real sample density and chemical composition, however, should be taken into account when evaluating the system detection efficiency; self-absorption of low energy gamma rays strongly depends on them. Furthermore the 93 keV peak (which is actually a doublet) suffers of possible overlap of 228 Ac 93 keV X-ray peak (often occurring in natural samples). Pa gamma peaks (766 and 1001 keV) are higher in energy than 234 Th ones. Their detection efficiency is less dependent on the sample density and chemical composition; detection limits, however, are higher due to their low emission probabilities. Pa can thus be successfully used only when measuring samples with medium to high uranium concentration. Special attention has to be paid in selecting emission probabilities since recently accepted values (4) are about 40% higher than formerly given ones (5) . Gamma spectrometry was performed by high purity germanium detector equipped with Canberra Genie 2000 software for Gamma Acquisition and Analysis. The calibration source was a multigamma solution in HCl 0.2 M (density 1 g/cm 3 ). No self-absorption correction has been applied, as generally done in routine laboratory work for time and cost reasons.
Pretreatment and electrodeposition techniques have been tailored in order to reduce preparation time and improve spectral resolution in alpha spectrometry measurements. The measuring system is the same previously described for water samples analysis. Results are summarized in table 3.
As far as gamma spectrometry results are concerned, a general agreement is found between 234 Th concentrations (based on 63 keV gamma line) and 234m Pa ones (based on recently reported values for its gamma rays emission probabilities (4) ); agreement is not found for samples with density and, most of all, chemical composition different from the calibration standard. Pa activity values. On the other hand 238 U activities measured by alpha spectrometry are lower showing the lack of equilibrium between 238 U e 234Th . This could be related to different metabolic behaviours of uranium and thorium and shows the importance of the direct uranium measurement when equilibrium conditions are not attained.
Alpha spectrometry provides the best sensitivity for accurate evaluations of isotopic ratios, which is necessary for the detection of low amounts of depleted uranium in environmental samples. The more reliable indicator is 238 U/ 234 U ratio rather than the less accurate 238 U/ 235 U.
FURTHER PROGRAMS
As far as water results are concerned, a detailed statistical analysis of data is currently under development in order to investigate relationship among uranium and other parameters (gross alpha and beta activity, 226 Ra concentration, chemical-physical and hydro-geological properties). A particular effort is devoted in developing quick methods for water analysis by LSC and optimizing liquid scintillation extractors and measurement conditions. The above described methods are presently being employed for depleted uranium assessment in environmental samples from Garda Lake and Adriatico Sea as a part of a national monitoring program.
